Copolymers based on ethylene, propylene, and dienes (EPDM) are often commercially produced with a vanadium catalyst, an alkylaluminum cocatalyst and optionally a halocarbon promoter. It is widely accepted that the catalytic species in vanadium polymerization is in the trivalent oxidation state V(III) and that the role of organohalide promoters is to oxidize the vanadium species, reduced by the alkylaluminum cocatalyst to divalent V(II), back to the trivalent state [1] [2] [3] .
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Mechanisms for polymerizations with vanadium have been proposed and kinetic modelling has been attempted in the past [4] [5] [6] [7] [8] [9] , but monomer-coordinated species and two-site behaviour, occasionally alluded to but not characterized, were not considered. In the present study, EPM and EPDM polymers were made in solution with a vanadium catalyst in a continuous stirred-tank reactor.
Observations about this system include [10] :
• the catalyst system without promoter and without hydrogen produces polymer with bimodal MWDs, suggesting two-site catalyst behaviour.
• the addition of catalyst promoter causes an order of magnitude increase in catalyst productivity, and eliminates the higher-MW component in the MWD.
• the addition of hydrogen also precludes bimodal MWDs, regardless of the presence of promoter.
• except at very low monomer concentrations, the polymerization rate has a zero-order rather than a first-order response to increasing monomer concentration.
These seldom-discussed features of vanadium catalysis are illustrated by a selection of EP copolymerizations, and can be explained with the aid of a polymerization model. The polymerization rate, which is almost zero-order with respect to monomer at higher monomer concentrations (with or without halocarbon promoter) is described by a mechanism whereby propylene forms a stable propylene-active site complex prior to insertion in the growing polymer chain. Model results suggest that the second active site type, which makes high molecular weight polymer, is formed from the monomer-coordinated species. Although polymerisation rate and MWD can be described by the kinetic model, many fundamental questions require discussion and further investigations.
